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344a Monday, February 27, 2012strong coupling of SUR1 with Kir6 appears exclusive, but recent studies argue
that SUR1 also associates with and regulates TRPM4, of the transient receptor
potential (TRP) channel family of non-selective cation (NSC) channels. It has
been reported that, following stroke, brain or spinal cord trauma, SUR1 is ex-
pressed de novo in neurovascular cells at the injury site. In these cells, there ap-
pears to be dramatic upregulation of a NSC conductance with TRPM4-like
properties, which seems to be reduced by sulfonylureas and enhanced in pres-
ence of the KATP channel opener diazoxide, leading to the postulation that post-
traumatic NSC currents are determined by SUR1-modulated TRPM4 channels
(Simard et al., J Neurosurg 113: 622-9; 2010). However, direct evidence for
functional association of TRPM4 and SUR1 is lacking. To address this, we per-
formed inside-out membrane patch-clamp of COSm6 cells expressing TRPM4
channels with or without SUR1. TRPM4-mediated, non-selective currents were
Ca2þ-activated, voltage-dependent, underwent desensitization, and were in-
hibited by ATP, but were insensitive to diazoxide, glibenclamide and tolbuta-
mide. These properties were not affected by co-transfection with SUR1 albeit
functional, sulfonylurea-sensitive KATP channels were formed when the same
SUR1 was co-transfected with Kir6.2. In cells co-transfected with Kir6.2,
SUR1 and TRPM4, we measured Ca2þ-independent, KATP-mediated K
þ cur-
rents and Ca2þ-activated, sulfonylurea-insensitive Naþ currents in the same
patch, further showing that SUR1 subunits control KATP channel activity, with-
out affecting TRPM4 channel properties. Co-transfection of TRPM4 and SUR1
does not elicit sulfonylurea-sensitive NSC currents as reported in stroke and
brain injury models, suggesting that functional association of TRPM4 and
SUR1 is unlikely.
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Transient Receptor Potential Melastatin-7 (Trpm7) is a divalent permeant
channel-kinase of unknown function that is ubiquitously expressed, concen-
trated in myocardium during embryonic development, and forms a functional
current in adult murine cardiac myocytes. Using multiple cardiac-targeted
knock-out lines we show that the timing of Trpm7 deletion during embryonic
development variably disrupts adult atrio-ventricular conduction, ventricular
morphology and function without altering total myocardial magnesium, cal-
cium or zinc content. Late embryonic cardiac Trpm7 deletion in aMHC-
Cre-TRPM7fl/fl mice resulted in normal ventricular size and function, while
slightly earlier deletion in aMHC-Cre-TRPM7fl/- mice yielded a bimodal
phenotype in which ~50% develop a dilated, fibrotic cardiomyopathy with im-
paired function and high grade atrioventricular block. Microarray analysis
performed on aMHC-Cre-TRPM7fl/- ventricular tissue revealed 184 differen-
tially expressed genes including significant elevations in Nppa (33-fold),
Nppb (15-fold), TIMP1 (13-fold), Itgb1b3 (13-fold), Postn (12-fold) and re-
ductions in Lgi-1 (20-fold), Pfkb1 (7-fold), Kcnv2 (Kv8.2) (5-fold), Mme
(5-fold), Kcnj3 (GIRK1) (4-fold) and Kcnd2 (Kv4.2) (4-fold). To probe the
importance of Trpm7 in early embryonic cardiac development, we crossed
Trpm7flfl mice with Isl1-Cre and TnT-Cre lines. These early cardiac knock-
outs developed congestive heart failure and died by E11 due to impaired for-
mation of the compact myocardium secondary to arrested myocardial prolif-
eration. Taken together, these results define an essential role for Trpm7 in
normal embryonic myocardial development and suggest that adult cardiac
phenotypes associated with disruptions in Trpm7 arise from defects in myo-
cardial differentiation.
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TRPM8 (transient receptor potential melastatin 8) channels are well established
as the main sensor of cool temperatures in sensory neurons. Recent studiesindicate that its regulation is a complex integration of multiple influences
such as pH, calcium, phosphorylation (PKA, PKC), lipids (PIP2, lysophospho-
lipids). Among lipid modulators of TRPM8, the physiological pathway under-
lying the inhibitory effect of arachidonic acid (AA) remains unknown. Here, we
examined how stimulation of M3 muscarinic acetylcholine receptors by a non-
selective agonist, oxotremorine methiodide (Oxo-M), leads to inhibition of
TRPM8 activity. Using HEK-293 cells heterologously co-expressing M3 re-
ceptors and TRPM8, we demonstrated that activation of M3 receptors triggers
a cascade of events including stimulation of cytosolic calcium dependant phos-
pholipase A2 (cPLA2), degradation of plasma membrane phospholipids, pro-
duction of AA, and decrease of TRPM8 channels activity. The inhibition of
plasma membrane TRPM8-mediated current was mimicked by a direct expo-
sure to AA, a blockade of cPLA2 activity by pharmacological agent AACOCF3
or an siRNA-mediated cPLA2 silencing strategy. Our work elucidates the intra-
cellular functional link between M3 receptor and TRPM8 channel via cPLA2/
AA and suggests a novel physiological mechanism of arachidonate-mediated
regulation of TRPM8 channel activity through Gq/11 protein coupled
receptors.
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The transient receptor potential channel of the melastatin subfamily TRPM8 is
the cold and menthol receptor. Our recent findings indicate that the functional
TRPM8 channels exist in a form of supramolecular complex of protein and
two ubiquitous homopolymers - inorganic polyphosphate (polyP) and polyhy-
droxybutyrate (PHB) (Zakharian et al., 2009). In the current study we are in-
vestigating the role of PHB in TRPM8 channel function. Our studies have
shown that PHB associates with the TRPM8 protein covalently and does not
dissociate from TRPM8 during SDS-PAGE, as has been shown in Western
blot analysis with PHB-antibodies. Further, to identify the PHB binding sites
on the protein, the purified TRPM8 protein was analyzed in matrix-assisted la-
ser desorption/ionization (MALDI) mass spectrometry (MS) experiments
(UMDNJ Proteomics Facility). The results were analyzed with Swiss Proteo-
mics and indicated putative binding sites for PHB on TRPM8. We have iden-
tified a number of peptides, which are covalently bound to PHB. Also, we
performed Ca2þ-imaging experiments on dorsal root ganglion (DRG) neu-
rons, expressing TRPM8 protein alone or with PHB-depolymerase, the en-
zyme that cleaves the short-chain PHB. Reduction of PHB in DRG neurons
was evidenced by confocal microscopy, using the fluorescent dye BODIPY
493/503 as an indicator of the levels of PHB and by immunohistochemical
analysis using PHB-IgG antibodies. We found that co-expression of the
PHB depolymerase in DRG neurons expressing TRPM8 channels significantly
inhibited intracellular Ca2þ signals induced by cold, menthol, and icilin. Our
findings suggest that PHB is a structural compound of the TRPM8 channel
which is covalently attached to its protein part and its presence is essential
for normal channel function.
Zakharian E, Thyagarajan B, French RJ, Pavlov E, Rohacs T (2009) Inorganic
polyphosphate modulates TRPM8 channels. PLoS ONE 4:e5404.
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Ensemble measurements of ion channel currents, made in the presence of
pharmaceutical compounds, enable determination of compound activity
and potency in the form of IC50 and EC50 values, and are traditionally per-
formed with Patch Clamp. An alternative platform for ion channel study in-
volves the formation of artificial bilayers from the contact of lipid
monolayers at aqueous/oil interfaces. This technique has the potential for
automation and parallel measurements. Previous work with this platform
has demonstrated measurements of physiologically relevant ion channels at
the single molecule level. Here we present measurements of the cold and
menthol receptor TRPM8 at the single channel and ensemble level. We stud-
ied the effect of menthol and temperature on the open probability of TRPM8
and found a single-channel conductance of 64 5 6 pS, comparable to
previous work. In addition, we measured ensemble activity of TRPM8 as
a function of temperature and varying PI(4,5)P2 concentration. Our appara-
tus enables introduction of pharmaceutical compounds to the solution
Monday, February 27, 2012 345asurrounding the bilayer during measurement. We introduced solutions con-
taining menthol and 2-aminoethoxydiphenyl borate (2-APB) at variable con-
centration to bilayers during ensemble TRPM8 measurements, enabling us to
efficiently and repeatedly measure an IC50 value of 4.9 mM for 2-APB and
an EC50 value of 111.8 mM for menthol, both in agreement with literature.
These developments indicate that artificial bilayers may play an expanded
role in future ion channel studies, including drug discovery and safety
screening.1750-Pos Board B520
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TRPM8 channels are a polymodal receptors activated by voltage, low temper-
atures and agonists. The structural data suggests that the distal C-terminus
(1064-1104 amino acid residues) form a coiled-coil motif. Our aim was to in-
vestigate the importance of this structure in the thermo-sensitivity of TRPM8.
TRPM8 wild type and deletion mutants of the coiled-coil region of this channel
were cloned and expressed in Xenopus oocytes. Electrophysiological measure-
ments were performed 48-72 hr after mRNA microinjection. Macroscopic cur-
rents were recorded by patch-clamp technique in cell-attached configuration at
different temperatures (10- 40C). An analysis of the conductance-voltage
curves determined from tail currents showed that values of the voltage at which
the open probability is 0,5 (V1/2) saturate at high and low temperatures. These
results and limiting slope analysis of the open probability-voltage curves dem-
onstrated that TRPM8 channel gating is best explained using an allosteric gat-
ing model for both voltage and temperature dependence. On the other hand,
gradual deletions of the coiled-coil region (from 1064 to 1104 residues) pro-
moted a gradual decrease in the temperature sensitivity of TRPM8 channel,
without affecting the voltage dependence. The decrease in the enthalpy (H) pro-
moted by gradual deletions of the distal C-terminus suggests that coiled-coil re-
gion is a structural determinant of the thermo sensitivity in TRPM8 channels.
Our results also indicate that the voltage and temperature sensors are localized
in different structural domains. Supported by FONDECYT grants 1110430 to
R.L, CONICYT AT-24100020 to N.R. CINV is a Millennium Scientific
Institute.
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Proteins in the polycystic kidney disease (PKD) family associate with sub-
units of the transient receptor potential polysystin (TRPP) subfamily to
form functionally important complexes. For example, PKD1 and TRPP2
form a receptor/ion channel complex critical for kidney development and
function, and mutations in both proteins cause human polycystic kidney dis-
ease. Another PKD member, PKD1L3, coassemble with TRPP3 to form a can-
didate sour taste receptor. The molecular mechanisms of the assembly of
these complexes are largely unknown. Unlike TRP channel subunits, which
contain six transmembrane segments, PKD proteins have 11 putative trans-
membrane segments, with a large extracellular N-terminus containing well-
recognized protein-protein, protein-sugar, and protein-ligand interaction mo-
tifs. PKD proteins are therefore generally believed to function as cell surface
receptors. In this study, we find that PKD1L3, when expressed in Xenopus
oocytes, functions as a channel-forming subunit in an acid-sensing hetero-
meric channel complex formed by PKD1L3 and TRPP3. Single amino acid
mutations in the putative pore region of both proteins alter the channel’s per-
meability to monovalent and divalent cations. Single-molecule imaging anal-
ysis indicates that the PKD1L3/TRPP3 complex in the plasma membrane of
live Xenopus oocytes contains one PKD1L3 and three TRPP3 subunits. We
identify a C-terminal coiled-coil domain in TRPP3 and find it to be a trimer
in solution and crystal structure. This coiled-coil domain trimer is critical for
the assembly and surface expression of TRPP3 homomeric complexes and
PKD1L3/TRPP3 heteromeric complexes. These results reinforce the notion
that PKD and TRPP proteins associate with a 1:3 stoichiometry. They also
provide evidence demonstrating that PKD proteins can function as channel-
forming subunits.1752-Pos Board B522
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Transient Receptor Potential (TRP) channels act as environmental sensors in
eukaryotic cells. TRP channels frequently respond to more than one signal,
yet the mechanism of this integration is poorly understood.
The S. cerevisiae genome contains a single TRP channel gene, encoding the 78
kDa vacuolar protein Yvc1p. The vacuole serves as the primary site for calcium
sequestration in Saccharomyces cerevisiae. Calcium ions are released from the
vacuole into the cytosol through TRP channel homologue, Yvc1p. Yvc1p is
known to be activated directly by both hyperosmotic shock1 and cytoplasmic
Ca2þ2, and recently John Haynes et al have shown that activation by hyperos-
motic can be enhanced by indole and related compounds3.
In this study, we detail the effects of indole-related compounds in modulating
the activity of Yvc1p in vivo through a luminescence assay_aequorin is utilized
as a reporter of cytoplasmic calcium concentration. Like John Haynes et al, we
find these compounds augment hyperosmotic shock-induced Yvc1p activity.
Further, we find that several compounds may work to directly enhance
Yvc1p activity, independent of hyperosmotic shock. The compounds act in
a concentration and species dependent manner, and have no effect in a delta
Yvc1 strain, indicating that they mediate their response through Yvc1p.
1Zhou XL et al (2003) Proc Natl Acad Sci U S A 100: 7105-7110.
2Bertl A, Slayman CL (1990) Proc Natl Acad Sci U S A 87: 7824-7828.
3John Haynes W. et al (2008) FEBS Letters. 582: 1514.
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TRP channels are molecular relatives of the Kþ channels, and their cores are
thought to share a similar transmembrane topology, with six transmembrane
spanning domains. Models of TRP channels typically depict their N- and C-ter-
mini as cytoplasmic. Depending on individual families, these extensions can
contain a variety of domains, ranging from N-terminal ankyrin repeats (TRPC
and TRPV) to a TRP domain containing a signature TRP box (TRPC) and
proline-rich repeats (TRPC and TRPM) in the C-terminus1. The Yvc1p TRP
channel of Saccharomyces cerevisiae is unusual among the TRPs in that its
lengthy N- and C-termini contain no obvious domains. In this study we examine
the role of the N- terminus in the functional properties of Yvc1p. We have gen-
erated a series of N- terminal deletion constructs of Yvc1p, sequentially remov-
ing residues from theN- terminus up to the first putative transmembrane domain.
Like its cousins in higher eukaryotes, Yvc1p is involved in Ca2þ homeostasis.
The Yvc1p channel is located on the vacuolar membrane (the vacuole is the
major site of Ca2þ storage in yeast) and Yvc1p opening facilitates Ca2þ release
into the cytoplasm. Yvc1p is activated by hyperosmotic shock and calcium, and
the response to shock is augmented by indole-related compounds. We are using
two different approaches to examine Yvc1p function. In the in vivo hyperos-
motic shock assay2, channel activity is monitored using luminescence gener-
ated by Ca2þ binding to cytoplasmic aequorin. In the plate growth assay2,
expression of Yvc1p inhibited growth in high [Ca2þ]. We are currently testing
the panel of deletion constructs using both of these assays.
1Clapham et al., (2002) IUPHAR Compendium, TRP Channels
2Denis V, Cyert MS (2002) J Cell Biol 156: 29-34.
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In addition to their roles as environmental sensors on cytoplasmic membranes,
TRP channels are also involved in signaling from intracellular organelles.
Yvc1p channel is a TRP channel located in the vacuolar membrane in the yeast
Saccharomyces cerevisiae. The vacuole is responsible for the storage of Ca2þ
in the yeast cell. Yvc1p controls the release of Ca2þ into the cell. We are using
several different approaches to examine the role of Yvc1p in the shock re-
sponse. First, we are monitoring the release of Ca2þ from the vacuole in re-
sponse to hyperosmotic shock solution. The Ca2þ release is monitored
through the aequorin luminescence assay. Ca2þ binds to aequorin to release lu-
minescence. The release of Ca2þ is affected by pH, solute species and concen-
tration of the hyperosmotic shock solution. We are currently using fluorescence
microscopy to examine whether osmotic shock-induced Yvc1p activation ef-
fects any morphological changes, and growth and complementation assays to
assess Yvc1p function under prolonged conditions of shock.
